It measured about 8.5 m in width and 6.5 m in height at its highest point. Pedestrians walking along the sidewalk on the opposite side of the street experienced a compelling illusory motion: they obtained a vivid impression that the depicted building movedö rotating in their direction of travel. The illusion was much stronger for a fast moving viewer, ie for a runner or for a passenger riding in a vehicle that moved along the road. It was particularly compelling in that the presence of other static objects (eg a lamppost, the building behind) in the scene provided the moving observer with evidence that the viewed object was painted on a flat billboard. Moreover, the 2-D billboard surface was cut along the top edges of the depicted building, creating motion parallax signals for the top edges relative to the scenery behind them, consistent with a 2-D surface. Thus, Pirenne's (1970) condition that``the spectator is unable to see the painted surface, qua surface'' is not satisfied. As a result, because of the strong perspective cues, the 3-D shape of the depicted building is perceived to be invariant under changes in the vantage point (Kubovy 1986, page 56) . In fact, Vishwanath et al (2005) expanded Pirenne's findings by providing evidence that the visual system achieves this shape invariance through an estimate of the local orientation of the painted surface. Furthermore, because the corner of the building`faces' the viewer by pointing out of the picture, it appears to`follow' the viewer by rotating in physical space, as do the eyes of a head-on portrait, a pointing finger, or a road leading from the center foreground straight to the horizon (Gombrich 1972; Goldstein 1979; Kubovy 1986, page 84; Koenderink et al 2004) .
Observations and experiments on this type of`following' illusion have been reported extensively in the literature for perspective scenes and full-face portraits (eg Gombrich 1972; Wallach 1976; Goldstein 1979 Goldstein , 1988 Kubovy 1986; Koenderink et al 2004) , but they deal with smaller-sized paintings; also, they typically deal with images viewed statically from different angles, rather than experimenting with moving viewers and examining the percept of a figure that appears to rotate. A notable exception is the work of Wallach et al (1974) , who examined how accurate humans are in judging, while they walk, whether objects are stationary or moving; however, they worked with physical volumetric, not flat pictorial, objects.
What might give rise to the large-scale illusory motion? Here we discuss a possible explanation, based on inferential theories of perception (Gregory 1975 (Gregory , 1980 (Gregory , 1997 Rock 1983) , specifically under self-motion (Wallach 1985 (Wallach , 1987 Gogel 1990; Wertheim 1994) . In particular, consider figure 2a that depicts the front view of a simplified model of the building in the billboard of figure 1 ; it consists of trapezoids ABCD and ABEF that contain linear perspective cues. Figure 2b Of course, any other point, or feature, on the painted buildingö other than points lying on edges CD and EFöalso appears to move, as shown for a generic point P in figure 2. It appears to move from P 1 for eye position Y 1 to P 2 for eye position Y 2 . As a result of each feature appearing to move, the surfaces of both trapezoids ABCD and ABEF undergo the kind of transformation that causes the building to be perceived to move by a moving viewer. What is perhaps surprising is that observers do not veto the information provided by the perspective cue in the face of other signals that specify that the viewed surface is flat.
There are several points to be made here: first, this concept of a perceptual, as opposed to abstract, mental 3-D representation is akin to the construct developed by Tyler (1974) to explain illusory motion in stereograms and to Gogel's (1990) theory of phenomenal geometry. Similar perceptual top^down influences have been proposed for biological motion (Shiffrar and Freyd 1993) , where the interpretation of the movement depends on knowledge about the probable structure of the environment. Second, observe that points whose 3-D representation protrudes further from the wall appear to move more; for example, in figure 2, point A moves with a larger amplitude than point P because the representation A 1 protrudes more than P 1 . Also, notice that the perceived building undergoes a non-Euclidean transformation, in agreement with the findings of Koenderink et al (2004) . Third, even though we chose to show the perceived edges CD , the perceived location of A will move to A 2 ; any other point, such as P, will appear to move. Thus the entire object will appear to move (thick arrows).
and EF anchored to the painted surface, this is not necessarily the case; edge CD, for example, can be perceived anywhere in depth along the line of sight that connects the eye to the physical location of edge CD; ditto for edge EF. Further experiments are required to investigate this issue and, more generally, the nature of the 3-D representation of the depicted building. Finally, figure 2b suggests that, as the observer moves from Y 1 (near-center position) to Y 2 (to the right of center), the width of trapezoid ABCD appears larger than that of ABEF. This is in agreement with the findings of Papathomas et al (2004) , who obtained estimates of this effect for an obliquely viewed perspective scene. The logic of this interpretation rests on the same assumptions as those made by Papathomas (2007) based on Gogel's (1990) theory of phenomenal geometry that uses perceived direction, depth, and self-motion. In our case, the assignment of 3-D depth elicited by the flat stimulus appears to be the root cause of the illusory motion experienced by a moving viewer. This explanation is similar to the one proposed to account for the illusory motion of related stimuli (Papathomas 2007) , such as hollow masks (Gregory 1975; Hill and Johnston 2007) , reverspectives (Wade and Hughes 1999; Cook et al 2002; Hayashi et al 2007) , and stereograms (Shimono et al 2002) . In particular, our model is consistent with empirical observations that the magnitude of the perceived illusory motion is larger for a reverse-perspective painting than for a flat-perspective painting of comparable dimensions. Appendix A contains a detailed analysis of such a comparison. However, our model does not explain why, qualitatively, illusory motion is much more robust in reverse-perspective than in flat-perspective paintings. One reason may be that our model does not explicitly take into account motion-parallax signals.
Alternative explanations have been proposed for the perception of pictorial objects, in general, and the illusory`following' percept, in particular (Hochberg 1971; Gombrich 1972; Wallach 1976; Goldstein 1979 Goldstein , 1988 Kubovy 1986 , page 84; Koenderink et al 2004; Todorovic¨2008; Rogers and Gyani 2010) . Rogers and Gyani (2010) advance an explanation that relies less on top^down influences or on comparisons between actual and expected retinal flow patterns. They posit that, for a viewer who moves in front of a 2-D billboard that depicts a 3-D structure and experiences the absence of motion parallax that would have resulted from such a volumetric structure, the only possible explanation is a rotation of the 3-D scene concomitant with the viewer's motion. Their explanation also accounts for the illusory motion of hollow masks and reverse perspectives.
Particularly relevant are theories that explain the illusory motion as a result of changes in the proximal stimulus that run counter to our expectations/predictions (Kubovy 1986; Cook et al 2002) . As an anonymous reviewer remarked, our experiencebased expectation of seeing more of ABEF and less of ABCD as we move from Y 1 to Y 2 is not realized, thus triggering the percept of illusory motion; in effect, it is as if the viewer's visual system`reasons' that, since the expected pattern did not materialize, the stimulus must have moved. Nevertheless, this must be occurring at a rather high level of perceptual processing. Vishwanath et al (2005) provide compelling evidence that interpreting pictorial signals requires an estimate of the real 3-D orientation of the projection surface. In our case, sensory information from binocular disparity, motion parallax, and patterns of occlusion are all compatible with viewing a flat billboard surface. Thus, any high-level inferences about movement of the stimulus most likely involve an elaborated representation of the scene that incorporates information from pictorial depth cues. The percept is thus intriguing as it appears to rely on knowing the physical layout of the scene and then`surprising itself' based on an interpretation of perspective information that is incompatible with other depth cues.
In conclusion, our explanation for the illusion of figure 1 is based on the observation that the 2-D building depicted on the billboard gives rise to a compelling 3-D percept that changes with the observer's point of view (Tyler 2005) . The existence of this subjective 3-D percept is supported by evidence that observers viewing 2-D paintings with strong linear perspective cues use vergence eye movements that are governed by the illusory, rather than the physical, depth (1) (Enright 1987) . The illusory motion in the billboard display offers an interesting test of the depth representations that underlie our routine perceptions. Work on the hollow-mask illusion has combined psychophysics and computational algorithms to simulate human perceptual processes. In particular, a computer model that uses feature tracking to recover 3-D facial geometry from animation sequences`falls victim' to the hollow-mask illusion and`perceives' illusory motion because, just like humans, it is endowed with a top^down convex face representation (Kaur et al 2000) . Further experiments are necessary to investigate similar effects for painted buildings and scenes via psychophysical and computational approaches. As a typical example, when d 0X1V, the above equation yields m R 1X82m F . The analysis correctly predicts that the magnitude of m R is significantly larger than that of m F .
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